We calculate the conductance through double junctions of the type M(inf. For a simple junction we find that the conductance decays exponentially with semiconductor thickness. For double and triple junctions, the conductance oscillates with the metal inbetween thickness, and presents peaks for which the conductance is enhanced by 1-4 orders of magnitude. We find that when there is a conductance peak, the conductance is higher to that corresponding to a simple junction. The maximum ratio between the conductance of a double junction and the conductance of a simple junction is 146 %, while for a triple junction it is 323 %. These oscillations in the conductance are explained in terms of the energy spectrum of the junction's active region.
For a simple junction we find that the conductance decays exponentially with semiconductor thickness. For double and triple junctions, the conductance oscillates with the metal inbetween thickness, and presents peaks for which the conductance is enhanced by 1-4 orders of magnitude. We find that when there is a conductance peak, the conductance is higher to that corresponding to a simple junction. The maximum ratio between the conductance of a double junction and the conductance of a simple junction is 146 %, while for a triple junction it is 323 %. These oscillations in the conductance are explained in terms of the energy spectrum of the junction's active region. Simple MTJ's like that described above have been extensively studied [1] , but double and triple junctions, in which metallic layers are inserted between the non-conducting material, have not. Some recent conductance measurements in double junctions [2, 3] show a large increase in the conductance as compared to the conductance of simple junctions composed of the same materials, indicating that multiple junctions may present an advantage over simple ones. The aim of this contribution is to study, within a very simple model for the junction's electronic structure, what happens with the conductance of a simple junction when we insert metallic layers in between the semiconductor.
As a model system, we consider a semiconductor whose structure is given by a square Bravais lattice of constant a = 3.2Å with two atoms per unit cell, A and B. Each semiconductor layer consists of an infinite array of atoms A and B in the y direction, and has a thickness of 3.2Å , as shown in Fig. 1 . In a simple junction, the semiconductor slab is sandwiched by two semi-infinite metallic electrodes of the same structure which are paramagnetic, composed of atoms C and D instead of A and B. Epitaxial growth of the spacer on the metallic leads is assumed. The electronic structure of the junction is modeled by a tight-binding Hamiltonian with one s orbital per site and second nearest neighbors interaction. For the semiconductor, the on-site energies are E A = 1 eV and E B = 1.5 eV, and the hopping parameter is t = 0.2 eV for first and second nearest-neighbors. With these parameters, a band gap of 0.5 eV is obtained.
For the electrodes, the parameters are E C = 2.8 eV, E D = 2.9 eV and t = 1 eV. The
Fermi energy E F falls in the middle of the spacer's band gap. To construct double and triple junctions, metallic layers identical to the electrodes are inserted in between the semiconductor layers of a simple junction. Fig. 2 shows schematically the structure of simple, double and triple junctions. The active region consists of a 'semiconductor region' and in-between metallic layers.
The conductance is calculated using the Landauer-Büttiker formalism [4] expressed in terms of the active region's Green's function
stands for the unit matrix, H S is the Hamiltonian corresponding to the active part of the junction, and Σ L/R are the self-energies describing the interaction of the active region with the left (L) or right (R) electrodes. In this expression, E is actually E + iη, where the electrodes, and g L/R are the surface Green's functions for each electrode. These surface Green's functions are calculated using a semi-analytical method [5] and are exact within our tight-binding approximation. The transmission probability T is given by [4] T
, while the conductance is given by
where the 2 comes from spin degeneracy and N ky is the total number of wave vectors considered (in our case 400 is enough to achieve stable values of Γ). In this work we
For a simple junction, it is found that the conductance decays exponentially with semiconductor thickness, with a decay parameter in excellent agreement with its complex band structure [6, 7] . For double and triple junctions, the conductance presents peaks for certain thicknesses of the in-between metal, in which the conductance raises by 1 to 4 orders of magnitude with respect to other thicknesses. The peak conductance is more than one order of magnitude larger for a multiple junction as compared to the conductance of a simple junction, and this conductance is higher for triple than for double junctions. Fig. 3 shows as an example the conductance of a double junction of 2 semiconductor layers as a function of the number of layers of the metal in between.
It is found that for 2, 6 and 9 layers of the metal in between there are peaks in the conductance. The ratio between the maximum conductance of a double or triple junction and the conductance of a simple junction is shown in Fig. 4 . It is seen that the maximum ratio is 146 % for a double junction and 323 % for a triple junction, which represent very large increases in the conductance of these multiple junctions. For a double junction, the largest increase occurs for 3 semiconductor layers at each side of the metal layers, while for a triple junction it occurs for 4 semiconductor layers. Lastly, for those in-between metal thicknesses for which there is a conductance peak, it is found that the energy spectrum of the junction's active region possesses an eigenenergy very close to the Fermi energy of the electrodes, and that this does not happen for other inbetween metal thicknesses. As confirmed by density of states calculations, the insertion of metal layers in between the semiconductor results in the appearance of electronic states with energies in the semiconductor's band gap. By calculating partial densities of states projected onto each active region's atom, it is found that these states are not localized, and, to the contrary, extend throughout the whole active region. For certain thicknesses of the in-between metallic layers, some of these band gap states have an energy very close to E F , thus producing a resonance state which extends throughout the whole junction, including the electrodes.
In conclusion, by using a very simple model junction we have made plausible a situation in which the conductance of a simple junction largely increases by the insertion of metal in between the non-conducting material, and have also shown that this effect is to be traced back to resonance states that can extend throughout the whole junction. We be-lieve that by making the electrodes ferromagnetic, the conductance peaks for each spin channel will occur at different thicknesses of the in-between metal, thus allowing to tune the values of TMR (the ratio between the conductance in the parallel and antiparallel configuration) by varying this thickness. These issues are currently being investigated.
This work was partially funded by UBACyT-X115, Fundación Antorchas and PICT 03-10698. Ana María Llois belongs to CONICET (Argentina). Figure 1 Structure of the semiconductor. The system is periodic in the y direction. The electrodes are semi-infinite in the x direction and have the same structure as the semiconductor. Schematic structure of a simple, double and triple junction. 
